In 1929, H. Weyl proposed that the massless solution of the Dirac equation represents a pair of a new type of particles, the so-called Weyl fermions 1 . However, their existence in particle physics remains elusive after more than eight decades. Recently, significant advances in both topological insulators and topological semimetals have provided an alternative way to realize Weyl fermions in condensed matter, as an emergent phenomenon: when two non-degenerate bands in the three-dimensional momentum space cross in the vicinity of the Fermi energy (called Weyl nodes), the low-energy excitations behave exactly as Weyl fermions. Here we report the direct observation in TaAs of the long-sought-after Weyl nodes by performing bulk-sensitive soft X-ray angle-resolved photoemission spectroscopy measurements. The projected locations at the nodes on the (001) surface match well to the Fermi arcs, providing undisputable experimental evidence for the existence of Weyl fermionic quasiparticles in TaAs.
TaAs crystallizes in a body-centred-tetragonal structure with the nonsymmorphic space group I 4 1 md. The lattice parameters are a = b = 3.4348 Å and c = 11.641 Å at 300 K. The crystal structure consists of alternating Ta and As layers (Fig. 1a ). The adjacent TaAs layers are rotated by 90 • and shifted by a/2, leading to a lack of inversion symmetry. First-principles band calculations predict that TaAs is a time-reversal invariant 3D WSM with twelve pairs of Weyl nodes in the 3D BZ ( Fig. 1c) 10, 11 . These Weyl nodes with opposite chirality are linked to the Fermi arcs of the surface state in the projected surface BZ.
Fermi-arc-like surface states have been identified in recent vacuum ultraviolet (VUV) ARPES experiments 23, 24 , which are remarkably well reproduced by the band calculations for the As termination 23 . However, due to the short escape depth of the photoelectrons excited by VUV light, the bulk electronic structure was nearly invisible in the VUV ARPES experiments. To probe the bulk electronic states of TaAs, we use soft X-rays to promote valence photoelectrons to a higher kinetic energy with a much longer escape depth, thus representing the bulk band structure. This bulk nature is reflected in the shallow core-level spectra shown in Fig. 2a , where the two As 3d surface peaks, which are strong at photon energy hν = 70 eV, almost vanish at hν = 440 eV. In addition, due to the Heisenberg uncertainty principle, increasing the photoelectron escape depth sharpens the intrinsic experimental resolution in the surface-perpendicular momentum (k z ; ref. 30 ), allowing accurate navigation in the 3D momentum space.
The bulk nature of the electronic states is further confirmed by the strong k z dispersion on varying the incident photon energy (Fig. 2 ). The Fermi surfaces and band dispersions exhibit a modulation along the k z direction with a period of 2π/c , where c is one half of the c-axis lattice constant of TaAs. The experimental bands along the -Z and -(S)-Z high-symmetry lines are in remarkably good agreement with the bulk bands from firstprinciples calculations with spin-orbit coupling (SOC) included, as demonstrated in Fig. 2 . Just below E F , there are two bands clearly observed along (S)-in Fig. 2e , which are mostly composed of Ta 5d orbitals and well reproduced by calculations. The large band splitting of these two bands is due to the Rashba-like SOC originating from broken inversion symmetry and intrinsic SOC in Ta 5d electrons. The calculations without SOC show that the bands crossing near E F within the mirror-invariant planes are protected by the mirror symmetry, leading to gapless nodal rings in the mirror plane 10 . As the SOC is turned on, the nodal rings are fully gapped, generating non-zero mirror Chern numbers for the occupied states on the mirror planes and Weyl nodes slightly off the mirror planes 10 .
To identify the Weyl nodes and their locations in the momentum space, we mapped out the 3D electronic structure with a number of incident photon energies. The Fermi surface map at hν = 440 eV Intensity (a.u.) in Fig. 3b clearly shows two date-like pockets slightly off the mirror plane. The pockets originate from an 'M'-shaped band perpendicular to the (010) mirror plane (Fig. 3d,e ), whose tops touch E F at k x = ±0.06π/a. On moving along the k y direction, the two tops gradually merge together and sink below E F , with this band eventually evolving into a ' ' shape, as illustrated in Fig. 3h . The band parallel to the mirror plane through one of the pockets exhibits a ' ' shape with its top at k y = −3.53π/a (Fig. 3f,g) . These observed band dispersions in the k x -k y plane are highly consistent with the calculated Weyl-cone band structure of W1.
To verify the 3D nature of the cone, we also investigate the band dispersion along the k z direction. In this case, as shown in Fig. 3i , the 'M'-shaped band also evolves into a ' ' shape. These results demonstrate that these pockets enclose the 3D Weyl nodes W1 that are located at (±0.06, ±0.47, ±0.58) in units of (π/a, π/a, π/c ), which are pretty close to the calculated locations (±0.059, ±0.556, ±0.592) (ref. 10) .
The predicted Weyl nodes near the BZ boundary (labelled as W2) are also identified in Fig. 4 . As compared with the W1 nodes, the nodes of the W2 pair are very close to each other in the calculations 10 . This is consistent with our experimental results, in which we observe a nearly ' '-shaped band rather than an 'M'-shaped band along the cut perpendicular to the mirror plane ( Fig. 4c,d) . The band also exhibits a ' ' shape along both the k y and k z directions, with a much smaller slope along k z , which is consistent with the band calculations. The excellent agreement between the experimental and calculated band dispersions along all three directions supports the existence of the Weyl nodes W2. From the measured dispersions, the Weyl nodes W2 are determined to be at (∼0, ±1.05, 0), which are very close to the calculated locations (±0.01, ±1.03, 0) (ref. 10) .
Finally, it is crucial to verify experimentally the relationship between the bulk Weyl nodes and the surface Fermi arcs. When a pair of bulk Weyl cones with opposite chirality are projected onto the surface, there must be a surface Fermi arc connecting them (Fig. 5a ) 6 . As shown in Fig. 5b , the projections of the Weyl nodes W1 onto the (001) surface BZ are exactly located on the loci of the Fermi arcs observed by our VUV ARPES (ref. 23 ). Therefore, our results have provided convincing experimental evidence that Weyl nodes in certain projected surfaces are the 'source' (or 'drain') for the surface Fermi arcs, which is a hallmark of a WSM.
Note added in proof: After acceptance of our paper, we became aware of a related manuscript (ref. 31) showing similar results to this work and those of refs 23,24.
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